This paper reports on a larger scale econometric study of the sign of the relationship between average growth and growth volatility of GDP per capita. At equilibrium, the negativity or the positivity of the relationship between endogenous growth and business cycles volatility is linked to the movements (left or right side) of (PPF). Tests have focused on cross-generation and cross-country evidence on the link between growth and volatility. If production possibilities frontier movements' trend is to the left side, countries with a higher standard deviation of growth should have their growth adversely affected if at the same time they lose their comparative advantages. Thus international trade elasticity after a production possibilities frontier movement (ei) determines the sign of the relationship between growth and volatility. If (ei -1) < 0, the sign is negative and positive if (ei -1) > 0. From the theoretical point of view, a new multidimensional trade and optimal growth mechanisms have been presented.
INTRODUCTION
Several studies argue that countries with high average growth would also have high variance in growth rate. Black [1] and Mirman [2] have explained why growth/volatility relationship should be positive [3] . Black [1] has argued that countries may have a choice between highvariance, high-expected-returns technologies and low-variance, low-expected-returns technologies [4] . For Mirman [2] , if there is a precautionary motive for saving, then higher volatility should lead to a higher saving rate, and hence a higher investment rate which is positively linked to growth; the relationship between growth and volatility in these conditions should be positive. Ramey and Ramey [5, 6] use a sample of developing countries in their studies and argued that volatility can lead to lower mean output if firms find themselves producing at suboptimal levels ex-post. Even though they concluded that if lower current output affects the accumulation of resources, then growth is adversely affected, their study is focused essentially on econometric tests ignoring a fundamental part of volatility mechanism analysis in terms of resources management.
Volatility is allied to risk in that it provides a measure of possible variation or movement in a particular economic variable or some function of that variable such as a growth rate" [7] . It usually occurs measured on the observed realization of a random variable over some historical period. This is referred to a realized volatility to distinguish it to the implicit volatility calculated from the Black Scholes formula for the price of the European call option on a stock [8] . The realized volatility or volatility is commonly measured by a standard deviation based on the history of an economic variable [9] . In this paper, we deal with either implicit or explicit reference to an underlying probability distribution for the variables in concern. In these two kinds of volatility, disequilibria of trade tend to set national and generational Production Possibilities Frontiers (PPFs) in a permanent movement. Terms of trade volatility are perhaps the most widely used measure of external shocks.
The disturbances in the (PPF) due to differences in the change of production factors' supply-in the average growth volatility seems to have an important impact on growth volatility. Defining a country's technology as a combination of unskilled labour, skilled labour and capital efficiencies, Caselli and Coleman [10] found a negative cross-country correlation between the efficiency of unskilled labour and efficiencies of skilled labour and capital [10] . They interpret that link as the proof of the existence of a World Technology Frontier (WTF) in which increases in the efficiency of unskilled labour are obtained at the cost of declines in the efficiency of skilled labour and capital. The same negative association exists between natural resources' efficiency and unnatural resources' efficiency, both in intergenerational and international trade. Consequently, if intergenerational and international levelling out of goods and factors prices is not realized, the change in the supply of goods and factors is unbalanced, inducing generations and nations PPF 's movements, the key cause of fluctuations. With the Solow's growth model based on a constant saving rate, the movements in the (PPF) is impossible (Pareto efficiency criterion). In such a model, there is no economic volatility (constant growth rate). To understand how trade is the major vector of resources allocation and economic volatility, the study of how the overall efficiency or total factor productivity determines countries' or generations' comparative advantages, is essential. Caselli and Coleman [10] have shown how the optimal choice of technology depends on the country's endowment of skilled and unskilled labour and how barriers to technology adoption are crucial. Thus, a weak resources allocation always generates shocks that affect growth path.
The key causes of the link between growth and volatility should be found, instead, in the movements of the (PPF) and their interactions with international and intergenerational trade. Subsequently, it is important to revisit the factors generating growth model in order to find its sources of fluctuations. The Neoclassical growth theory is essentially based on the supply side while the Schumpeterian growth theory is from the demand side. But we should admit that all the factors who cause economic growth, put the (PPF) in a sort of movement in a way that the directions took by these movements in each country and/or generation interact with international or intergenerational trade to determine economic volatility. Thus, in fact, (PPF) are in a permanent movement, balancing from the left to the right side and vice versa. The direction of the movements depends on productive resources allocation. The level of resources could rise or drop and the production technologies or the intergenerational marginal rate of substitution of resources could change. If, only differences in the change of countries/generations' resources can lead to a change in the comparative advantages and international/ intergenerational trade configuration, the sign of the relationship between growth and volatility would be affected by these movements and their interactions with international and intergenerational trade. For King et al. [11] , a temporary disturbance to (PPF) can have permanent effects on the path of the output growth. The importance and the nature of these effects depend on the types of disturbances. Thus, higher variability in the production factors' supply should be a source of higher variability of the production level due to a great disturbance in the (PPF). To understand the role of the differences in the productive resources quantities' change and technological progress interactions with trade, we introduce the notion of "natural resources exchange against unnatural resources between generations" that is until now ignored in economics but which can highly disturb the (PPF). In the existing literature, there is no rigorous formulation of how intergenerational free trade interacts with the international free trade to determine general macrodynamic equilibrium in terms of optimal growth. Optimal allocation of economic resources should lead to optimal growth and sustainable development. However, none of the studies has established a link between successive generations' behaviour, current prices and economic volatility. As we can see, studies of economic volatility have made great progress in the past 20 years but, there remains much to be learned about the determinants of long-run productivity growth and its links with businesscycles. Previous studies on economic volatility do not integrate the movements of the (PPF), intergenerational trade effects and their interactions with economic growth. Does the trend of countries and generations' PPF movements around the (WTF) determine the sign of the relationship between growth and volatility?
The remainder of the paper is presented as follows: section 1 presents the introduction; the second section deals with background; Section3 deals with the model setup: Equilibrium approach to the international free trade and cross-country volatility (model first component); Equilibrium approach to Intergenerational free trade and cross-generation volatility (model second component); multidimensional trade and the empirical evidence of the sign of the link between volatility and growth (model ); Section 4 presents the solution: Cross-country empirical evidence on the equilibrium approach to the international free trade and economic volatility (model first component); Intergenerational trade empirical evidence (the test of model second component) and the evidence on multidimensional suboptimal trade and the sign of the link between growth and volatility (or the test of model); the fifth section presents the paper's conclusions.
LITERATURE REVIEWS
In the traditional economic theory, growth is supposed to play no role in economic volatility; however, three papers presented in the early 1980's changed the understanding of that important issue. Nelson and Plosser [12] find that the movements in the GNP tend to be permanent. Kydland and Prescott [13] uncover skills for analyzing economic volatility and integrating growth and volatility (fluctuations). Lucas [14] shows that the possible returns from understanding business-cycles are trivial compared to these from understanding growth assuming that growth and business cycle volatility are unrelated (the standard dichotomy in macroeconomics).
According to Ragchaasuren [15] , the models that follow Schumpeter [16] , where the mechanism is based on "creative destruction" show a positive relationship between growth and volatility. For example, in Aghion and Saint-Paul [17, 18] , productivity change is assumed to be the result of purposeful (internal) learning through deliberate actions which substitute for production activities. Under such circumstances, the resources allocated to productivity improvement activities are a convex function of the state of the economy and hence the average productivity increases as volatility increases. On the other hand, the models that follow Arrow [19] , where the mechanism of technological change takes the form of "learning-by-doing" show that the relationship between growth and volatility tends often(but not always) to be negative. For example, in Martin and Rogers [20, 21] , changes in productivity take place through serendipitous (external) learning through non-deliberate actions which are the complements to production activities. In this case, the factor through which expertise, knowledge and skills are acquired and disseminated is a concave function of the shocks, so that increased volatility decreases growth. By incorporating the above two conflicting mechanisms for endogenous technological change, Blackburn and Galinde [22] show that any shock can have a permanent effect on output if it changes the amount on which productivity improvements depend. For Aghion and Howith (1998), Dinopoulos and Thompson (1998), Jones (1995) , Kortum (1997) , Peretto (1998) , Segerstrom (1998) and Young (1998) there exists a positive linkage between productivity growth rate and the share of R&D in GDP. For example, Black [1] argues that countries may have a choice between highvariance, high expected returns technologies because countries with high average growth will also have high variance. Conversely, Bernanke [23] , Pindyck [24] , Aizenman and Marion [25] , Ramey and Ramey [5, 6] (1995) argued that there is a negative association between productivity growth rate and the share of R&D in output. If lower current output affects resources' accumulation, then growth is adversely affected. For example, the theoretical analysis suggests that, if there is irreversibility in investment, then increasing volatility can lead to lower investment Bernanke [23] , Pindyck [24] , etc.). See Ramey [5, 6] who investigated that increases in government spending stimulate private activity. She found that in most cases private spending falls significantly in response to an increase in government spending. See also Bean [26] , Fatas [27] , King et al. [11] , Jones et al. [28] for permanent effects of temporary real shocks, and Stadler [29] , Pelloni [30] , Blackburn [31] and Blackburn and Pelloni [32] for permanent effects of temporary nominal shocks. See also Caballero and Hammour [33] for a related contribution on this subject (Blackburn [31] for a contrasting result in this approach. The relationship between growth and volatility is more likely to be positive (negative) if technological change is predominantly driven by internal (external) learning. In contrast to the above, some models in which knowledge is created under the assumption of learning-by-doing suggest alternative relationships between growth and volatility. According to De Hek [34] and Smith [35] , the relationship between long-term growth and short-term cyclical volatility depends on the household's attitude towards risk as measured by the curvature of the utility function. Specifically, the more (less) risk-averse is an agent, the more likely it is that increased uncertainty will have a positive (negative) effect on long-run growth. Jones et al. [28] consider the same issue in a different framework in which growth is the result of constant returns to reproducible factors -physical and human capital -that are purely rival (and not due to the accumulation of non-rival knowledge via learning-by-doing) and reaches the result the same as above. Blackburn and Pelloni [32] investigates the correlation between the growth and the volatility and find that this link depends on the nature of the shocks under the assumption of an imperfect labour market. Longrun growth is positively correlated with the volatility of the real shocks and negatively correlated with the volatility of the nominal shocks.
All the resources (natural and non-natural) allocation through suboptimal and "optimal" choices (trade relationships) is the key responsibilities for the nature of the relationship between growth and volatility. As each country can exchange goods and services with other countries, each generation exchanges also resources (natural and non-natural) with other generations. This latter exchange can be optimal or suboptimal at the image of international interdependences and -as in the nature nothing is created and nothing is lost-each generation (country) generates effects (shocks) on other generations (countries) in a permanent way so that each generation or country's production possibilities frontier is continually moving around the whole world frontier which is fix. These movements affect the generations and countries' trade through the comparative advantages gained or lost. As trade intensity is internationally reducing with the distance, each generation exchange with other generations reduces with timely distance.
The relationship between optimal growth and successive generations' behaviour has been studied by economists. Samuelson (1958) comes out with a trade model allowing for exogenous endowments of non-storable and consumption goods. There is no trade between young and old generations. In these models, the presence of a storable and non-consumable good, money, allows for inter-generation trade. The young sell part of their endowments of goods to the old and receive money. When they become old the next period, they will exchange money with the young and receive in return the consumable goods. He concluded that this kind of exchange can improve the welfare of all the generations. Thus, the baseline of the overlapping generations' model with two-period is set by Samuelson (1958) and Diamond [36] .
Allais [37] has proposed a similar model he called "overlapping generations". In this model, the economy includes one competitive production sector using two factors of production, capital and labour. In each period, the goods produced can be consumed or stored as a capital which will be used in the production process the next period. The young supply a unit of labour and receive a wage in terms of goods produced. They consume part of their savings and constitute the stock of capital for the next period. When they become old, they consume their income, the capital income which is the remaining of their contribution to the production process. There is no intergenerational trade but the participation of the young in the production process as workers and the old as capital holders. The economic equilibrium is determined and the young can rationally anticipate their saving rent, which is the marginal productivity of capital in the next period. Even though the neoclassical growth model goes back to Ramsey [40] or Von Neuman [41] , the recent versions are closely related to the analysis of the optimal growth by David Cass [42] and Koopman [43] . Ramsey [40] , assuming that the population is constant, considered that global output is a function of capital and labour, consumers utility admits a superior final limit. He established the well-known Keynes-Ramsey rule of optimal saving which characterizes the steady state optimal consumption. Rawls (1974), in his study of optimal growth, gives the same weight to each generation by fixing a fair saving rate. But, it is now generally accepted that the implementation of Rawls criterion for successive generations constitutes a growth limitation. 
THEORETICAL MODELS

Foundations and hypothesis
The generations are unrelated so that overlapping generation's hypothesis does not rule (intergenerational autarky condition). Each country has its initial endowments (at the beginning of the analysis) which are composed of natural resources and unnatural resources. Natural resources (all the physical environment) and unnatural resources (the other resources) are the factors of production of the economy. Each country has its own comparative advantages. Through these conditions, we can set the following analysis which is based on the common neoclassical understanding.
International drivers and cross-country volatility
International interdependencies sensitivity
The neoclassical (HO) model [44] says: The goods that the production is intensive in the abundant factor of production and a weak proportion of scarce factor of production are exported and the goods that the production demands the reverse proportions of the same factors are imported… Let us consider two countries, for instance, the USA and China, two factors of production, natural resources and unnatural resources, and two goods wheat, and DVDs; (see Fig 1) . The free trade production is W and the consumption and world equilibrium are noted X. At point X a perfect equilibrium of production and consumption of the two countries is realized. Each country improves its utility when passing from a lower indifference curve to the upper one. At that point, produced and consumed quantities by all the countries are determined.
When a country chooses another initial production different from W, it is no more possible for this country and the world to reach the equilibrium point which is X on this graph 1. Since then, the country and the world are engaged in great potential volatility which is varying with the distance separating the effective free trade production (W i ) to the optimal initial free trade production and with the sensitivity of the international interdependencies. Since then, the country PPF is moving around the (WTF). The derived growth is not optimal (graph 5). The international volatility function can be described by the following relation:
ө' is the international sensitivity factor. 
G ij (t) represents country i's real per capita consumption of country j's factors; P i (t) is the price of factor I, and L i (t) is the size of the population in country i, each at time t.
Next, define a ij (where 0≤a ij ≤ 1) as a constant representing the share of country j's accessible natural resources that can actually be consumed by country i as part of its own unnatural resources. According to Abramovitz's social capability (1986), a ij determines the potential of a country to consume existing technologies. Relatively to these definitions, the accumulation of unnatural resources in the country I may be written as
Where Φ and δ H represent the common productivity parameter and rate of depreciation of unnatural resources stock (obsolescence or otherwise), and it is assumed that Φ ≥ δ H > 0 Country G i 's measure of exchange with country G j , w ij is:
If, as I supposed it here, each country maintains multilateral trade balance at every point in time, we have:
where t ij : tariff of country I on imports from country j, : Taking into account the country i dynamic behaviour, the specification of equation (6) The study of international levelling out of goods and factors prices enables us to understand cross-country volatility mechanism.
We can also represent the situation of international free trade equilibrium through a system of the iso-product curve for each good as a dual program.
Subject to:
Um wheat / wheat price = Um DVD / DVD price. (10) Wheat price: P b and DVD price: P d Um: marginal utility.
The USA is well endowed in natural resources and China in unnatural resources. At the beginning of the international trade, the USA will export wheat (indirectly the natural resources), product with high intensity of natural resources) and will import the DVD (indirectly the unnatural resources), product with high proportion of unnatural resources) from China with international or international equilibrium price of 2b/d (2 units of wheat for 1 unit of DVD) for example). This result indicates that the price of wheat has increased in the USA compared to the autarky which was 3b/d. (3 units of wheat for 1 unit of DVD).
The same international trade price shows that the price of DVD has decreased in the USA. The symmetric adjustment will take place in China, where P b decreases and P d augments. In the USA the wheat production augments and DVD production decreases. The natural resource's demand will increase causing its price increases. The proportion of natural resources in wheat production will decrease and the proportion of unnatural resources in the production of wheat will increase. In the USA, the changing in the factors prices will modify production technique. The technique will be Unnatural resources intensive. In China, it is the reverse case. The technique will be intensive in natural resources whose price is decreasing.
So in the USA, w/r augments and in China w/r decreases. At the general international equilibrium, we will have all prices levelling out because its changes are symmetrically reverse from a country to another. 
This relationship is identical in the two countries. We deduce that the prices of goods and services levelling out take place in a corresponding manner of the prices of factors levelling out in all the countries. That is why I conclude that there is a convergence towards a constant rate of equilibrium growth in the case where the stocks of unnatural resources and the natural resources are superior to their equilibrium level. 
The Model
Foundations and hypothesis
We are in a world of overlapping generations (or intergenerational trade) and there is no international trade so that each country operates in autarky conditions. Each generation has its initial endowments (at the beginning of the analysis) which are composed of natural resources and unnatural resources. Natural resources (all the physical environment) and unnatural resources (other resources) are the factors of production of the economy. Each generation has its own comparative advantages. Through these conditions, we can set the following analysis which is based on the common neoclassical understanding.
Intergenerational drivers and crossgeneration volatility
Let us consider two generations of a given country: the current generation (G c ) and the future generation (G f 
With Σw ij the debt of the first generation borrowed to the followings. The second generation's total resources at the beginning of the second period is given by:
(k 12 is what the first generation reimburses to the second in terms of unnatural resources). k 12 should be equal to w 12 . k 12 is the first generation's exports towards the second generation. W 12 is the first generation's import from the second generation. The final generation of total resources are equal to:
The first generation will use its total natural resources to build the country (roads, schools, hospitals, airports, capital, research and development etc.) and to produce goods and services for its consumption. At the end of these 100 years, the second generation and the followings will have in co-ownership:
β : the self-consumption ratio (consumption by income unit) ; δ : the ratio of remaining natural resources and unnatural resources (a part of resources to be reimbursed to the following generations).
At the start of the 101 st year of the life of this country, we have as the remaining resources
The second generation of natural and unnatural resources are
. This generation will proceed like the first one and at the end of its life, the remaining resources are given by the following relation: 
We notice that the new resources follow a law of geometric progression with (1-β)(1-δ) as the gain.
The new resources at N th generation are
The total amount of new resources is equal to the sum of geometrical progression with a gain inferior to 1. We know that that sum admits as limit the following expression:
The optimal growth multiplier is:
At the end of the first generation, we have two kinds of resources: the remaining natural resources and the remaining of unnatural resources. Unnatural resources are a sum of very different factors of production like techniques, know-how, capital, infrastructures, socioeconomic environment etc.
G ij (t) represents generation i's real per capita consumption of generation j's factors; P i (t) is the price of factor I, and L i (t) is the size of the population in generation i, each at time t.
Next, define a ij (where 0≤a ij ≤ 1) as a constant representing the share of generation j's accessible natural resources that can actually be consumed by generation i as part of its own unnatural resources. According to Abramovitz's social capability (1986), a ij determines the potential of a generation to consume existing technologies. Relatively to these definitions, the accumulation of unnatural resources in generation I may be written as (24) Where Φ and δ H represent the common productivity parameter and rate of depreciation of unnatural resources stock (obsolescence or otherwise), and it is assumed that Φ ≥ δ H > 0
Generation G i 's measure of exchange with generation G j , w ij is:
If, as I supposed it here, each generation maintains multilateral trade balance at every point in time, we have:
where t ij :
tariff of generation I on imports from generation j, :
Taking into account the generation i dynamic behaviour, the specification of equation (27) gives H(t) = Φ. H(t)
Where H(t) = H 1 (t), …, H j (t) and
The intergenerational exchange matrix can, then, be written:
The intergenerational matrix of prices is directly derived The study of intergenerational levelling out of goods and factors prices permit to understand the cross-generation volatility mechanism.
Analyzing intergenerational drivers and cross-generation volatility
Sensitivity of intergenerational interdependencies
The sensitivity of intergenerational interdependencies can be analyzed as the effectiveness of the intergenerational free exchange and the extent to which that exchange affects the prices in each generation. The intergenerational exchange description enables us to appreciate prices changes and their intergenerational transmission.
The natural resources, in the beginning, are to be divided equally among the 70 generations. The remaining of unnatural resources is the property of the preceding generation that could be viewed as the compensation of the natural resources used by this generation, but belonging to the following generations. It becomes clear that each generation consumes part of the resources of the following generations and reimburses that consumption with its remaining unnatural resources. This denotes a clear process of factors of production trade between generations. The goods and services are indirectly exchanged through factor's trade. This process of substitution enables us to postulate a transformation curve or the production possibilities frontier for each generation, the autarky prices or its comparative advantages. Each generation has its own endowments of natural and unnatural resources. It is possible for a generation to make arbitrage between the resources to export and those to import. If a generation chooses to consume more natural resources (imports) it means that it accepts to produce more unnatural resources for the next generations (exports) and vice versa. According to the generation's demand for each good and service, we will have different comparatives advantages. Each generation is then considered as a different nation exchanging with others. If we consider two factors of production (natural resources and unnatural resources), two generations (G 1 and G 2 ) and two goods (wheat and DVD), one should admit that there is a process of factors of production substitution between generations. The following generations lend to the preceding their part of the natural resources and receive in return the remaining unnatural resources abandoned by the first ones at the end of their life. Indirectly, the following and the preceding generations exchange goods and services. The following generations sell indirectly to the preceding generations goods and services that they would have produced with their parts of natural resources if they could appear at these preceding generations periods of life in exchange of the goods and services that the preceding generations would have produced with their remaining unnatural resources during the time of the following generations if they could live at that time. It is, therefore, possible to apply the neoclassical model of international exchange and our theory of intergenerational free trade should be written as follows: The factors of production not intensively used in the production of the goods and services which exist in abundance in a generation are « exported » to another generation in exchange for the factors of production used intensively in the production of the goods and services which should be scarce in that generation. It is indirectly the goods and services weakly consumed that are exported from a generation to another, whereas the goods and services highly consumed are « imported from other generations».
». The following generations would have had an abundance of goods and services which intensively use the natural resources if at their lifetime they could have had simultaneously as many natural resources as possible and the present abundance of unnatural resources. Similarly, the present generation should have had an abundance of goods and services which intensively use unnatural resources if they could have had at their disposal as much as the following generations in addition to the present abundance of natural resources. The exports and the imports are really the intergenerational trade. In other terms, the following generations are selling natural resources intensive in the production of wheat, for example, or are indirectly selling wheat to the current generation in exchange for unnatural resources intensive in DVD production at the end of their life or indirectly the DVD. The DVD did not exist during the eighties, but preceding generations sold them to the current generations indirectly by ligating them the inputs of the technologies or know-how necessary for their production.
But, contrary to the neoclassical international trade model, we make the hypothesis that only the factors of production are tradable. The final goods are not storable.
In order to illustrate our intergenerational exchange model, let's consider the Edgeworth box.
The beginning allocation is W and the final is noted X. At point X a perfect equilibrium of production and consumption of the two generations is realized. Each generation improves its utility when passing from a lower indifference curve to the upper. At that point, produced and consumed quantities by all the generations (by pairs of two) are determined.
When a generation chooses another initial allocation different from W (disturbance to intergenerational production possibilities), it is no more possible for this generation to reach the equilibrium point which is X on this graph 2. Since then, the generation and the related country are engaged in great potential volatility which is varying with the distance separating the effective initial allocation (W i ) to the optimal initial allocation and with the sensitivity of the interdependencies. Since then, the generation PPF is moving around the (WTF). The derived growth is not optimal (graph 5). Volatility function can be described by the following relation:
ө is the intergenerational interdependencies sensitivity factor. That volatility becomes explosive (through other countries and generations) if the interdependencies are very sensitive.
Cross-generation volatility
On each market (capital, goods etc.), the volatility drivers are the prices and their flexibility. Let consider a general equilibrium case: 
(P r /P a ) is intergenerational trade equilibrium price.
When the intergenerational trade equilibrium price is known, we can build a program of cost minimization under production constraint like:
We can, for example, establish iso-product unitary curves on one hand and iso-cost curve on the other hand. The solution of this program enables us to determine the optimal production corresponding to a minimum cost. This equilibrium is obtained at the tangency point of the unit iso-product curve and the lowest possible iso-cost curve; This point gives the intergenerational terms of trade levelling out and equivalency of the values of the goods and the factors exchanged. At that intergenerational equilibrium, the following relations can be identified:
Um wheat / wheat price = Um DVD / DVD price. (32) We can also represent the situation of intergenerational free trade equilibrium through a system of the iso-product curve for each good as a dual program;
The current generation of France is well endowed in unnatural resources and the following generations in natural resources. At the beginning of intergenerational trade, "Current France" will export unnatural resources (indirectly the DVD, product with high intensity of unnatural resources) and will import the natural resources (indirectly the wheat, product with high proportion of natural resources) from the "Future France" with intergenerational equilibrium price of 3r/t for example. This result indicates that the price for unnatural resources has been augmented compared to the autarky which was 2r/t.
The same intergenerational trade price shows that the price for natural resources has been reduced in the "Current France". The symmetric adjustment will take place in the "Future France", where P t decreases and P r augments. In "Current France", the proportion of natural resources in wheat production will increase and the proportion of unnatural resources in the production of wheat will decrease. In the "Current France", the changing in the factors prices will modify production technique. The technique will be composed of more natural resources and less unnatural resources. In the "Future France", it's the reverse case. The techniques will be intensive in unnatural resources whose price is decreasing. The substitution of natural resources to unnatural resources in wheat production causes the reduction of wheat price in « Current France ». A symmetric analysis indicates that the DVD price will decrease and the wheat price will increase in Future France. So in the "Current France", P d /P m augments and in the "Future France " P d /P m decreases. At the general intergenerational equilibrium, we will have all prices levelling out because their change is symmetrically reverse from a period to another. The intergenerational factors of production's trade reduce the prices of rare factors of each period and enable the production of goods and services particularly consumed in the period. The reduction of period goods and services prices causes intergenerational trade earnings both for consumers and producers of the period.
For the production functions with constant output, the minimum cost is a linear function of  of  tf,  depends on w et r. Then:
In perfect competition, the profit maximization demands that the selling price P at should be equal to the marginal cost. This means that: = = ( , ) for the DVD and (34) = ( , )for the wheat.
This relation is identical in the two generations. We deduce that the prices of goods and services level out in a corresponding way to the prices of factors levelling out in all the generations. That is why we conclude that there is a convergence towards a constant rate of equilibrium growth in the case where the stocks of "work" or unnatural resources and the natural resources are superior to their equilibrium level.
MATERIALS AND METHODOLOGY
The Material
Modern stochastic endogenous growth theory is used to study theoretically the relationship between long-term growth and short-term volatility. Nelson and Plosser [12] have shown that the movements in the GNP tend to be permanent. Then F. Kydland and E. Prescott [13] offered new skills for analyzing economic volatility and integrating growth and volatility (fluctuations). They have shown that macroeconomic time series are better characterized as non-stationary integrated processes rather than stationary processes around a deterministic trend. The finding of this theory is that the literature suggests that this relationship is ambiguous as well. This depends on the structure of the models considered, the assumptions made about the mechanisms generating endogenous technological change, and the values of the parameters assumed.
In order to capture country choices effects (shocks) on other countries, I will study the movements of production possibilities frontier around the whole world frontier or the optimum level. These movements determine the countries trade through comparative advantages gained or lost. Levine Renelt control variables which define PPF enable to calculate international trade elasticity (e i -1). The international trade elasticity is the absolute variation of international trade due to changes in the PPF and comparative advantages. In addition, in other regressions, my dummy variables are defined as shocks effects on production frontiers and subsequently are proxies to effects on international trade. If production possibilities frontier movements' trend is to the left side, countries with a higher standard deviation of growth should have their growth adversely affected if at the same time they lose their comparative advantages. Thus, international trade elasticity after a production possibilities frontier movement (e i ) determines the sign of the relationship between growth and volatility. If (e i -1) < 0, the sign is negative and positive if (e i -1) > 0 (Fig 1) . Suboptimal choices should cause shocks. Overconsumption of natural resources by a country not integrally compensated by an equivalent measure of unnatural resources during some periods of 5 years (trend) moves PPF to the left side. Subconsumption of natural resources not integrally compensated by an equivalent measure of unnatural resources moves PPF to the right side and the relationship between growth and volatility is positive.
In order to test the first component model (how the changes in production factors' supply affect international trade and growth volatility), I choose two sample countries to study these relationships: The first sample contains 25 OECD countries observed from 1980 to 2010. In the second sample, I will study the same relationship with 108 developing countries for the same period of time . The number of observations in the first sample is 588 and 3240 for the second. The reason for this choice is that each group of countries has intra-group similar production technologies. All the data are from the World Development Indicators. 
The Methodology
For example, when I run Data Analysis based on statistics of 1990 on a sample of generations (G 1 . G 2 . …), I observe that a generation performance increases on one factor of production or axis and decreases on the other. The increase on an axis is the resources exportation of G 1 to G 2 and the decrease is a resource importation of G 1 from generation G 2 . The coordinates of G 2 on axis 1 (unnatural resources) are the supply of unnatural resources due to G 1 that this generation exports to G 2 . The coordinates of G 2 on axis 2 (natural resources), which indicate a decrease, are the remaining natural resources after G 1 has used its part and a part due to G 2 or to the following generations. This partly due to other generations is the G 1 natural resources importations. So the difference between the coordinates on the same axis for a generation or country is the quantity of a factor of production exchanged by the generation to receive in return a quantity of a factor of production determined by the coordinates differentiation of the same generation on another axis. The ratio of exchanged quantities determines the TRS (Technical rate of substitution) between factors of production and its prices. When autarkic prices are known it is possible to appreciate if this resources exchange leads to intergenerational levelling out of prices of factors and goods or not.
Cross-generation volatility test
For the second component (how changes in production factors supply affect intergenerational trade), I will first consider France through five generations of 50 years with 10 witnesses. In the second case, I mix France five generations with the remaining of 124 countries considered as current generations. 
Let's start with the expressions of separate movements:
for international trade.
For intergenerational trade.
If these two flows have the same rhythm but different generation weights the macro-dynamic equilibrium is determined through the calculation of the multidimensional trade with the following relation:
( ) = ( ) + ( ) = cos( − ) for the multidimensional trade (38) If I develop (27) , I obtain:
Solving simultaneously:
cos cos = cos cos + cos cos
M sin sin = sin sin + sin sin φ 2 (41) It comes:
Then we calculate the amplitude of the multidimensional trade as follows:
If the multidimensional trade is horizontal (φ 1 = φ 2 )
I have = ( + ) (46).
In this case, I have a constructive multidimensional trade, because of the multidimensional trade increases.
But, if the multidimensional trade is vertical with different generation's weight (φ 1 = φ 2 + π), I obtain:
Here the multidimensional trade is destructive as it decreases.
Between the two extremes, the multidimensional trade is varying with cos(φ 1 -φ 2 ) or the cosinus of generation's weight difference.
I calculate a generation's weight by dividing member by member of the preceding equations:
Finally, the multidimensional trade expression is : This equation expresses the interferences of the two components (international trade and intergenerational trade) of the macro dynamic equilibrium, (Fig 1) . I interpret that equation as a (WTF) which increases in the efficiency of natural resources are obtained at the cost of declines in the efficiency of unnatural resources. Solow growth model based on a constant saving rate implies that the movements in and of the (PPF) cannot occur (Pareto efficiency criterion). In such a model, there is no economic volatility (constant growth rate). When a country or a generation chooses suboptimal initial allocation different from W (disturbance to intergenerational/international (PPF), it is no more possible for this country or generation to reach the equilibrium point which is X on this graph 1 or 2. Since then, the country or generation is engaged in great potential volatility which is varying with the distance separating the effective initial allocation (Wi) to the optimal initial allocation and with the sensitivity of the interdependencies.
The model, with its great emphasis on theoretical skills, introduces new types of economic agents (the generations) and the importance of optimal choices as the intergenerational and international interdependencies drivers. First, my models enhance the importance of intergenerational choices in growth programs related to economic volatility.
The second important property of these models is that the equilibrium and the stability of the economy are determined on the one hand by the macro dynamic and international interdependencies and on the other hand by the state of international and intergenerational interests or needs, and society's optimal resources allocation.
The third property developed in the present models is the canonical relationship between intergenerational and international equilibrium. The two dimensions are closely linked; it is not possible to have one without the other. All the disequilibria in an economy (unemployment, budget deficits, internal and external disequilibrium and economic volatility) are the result of non-coincidence of intergenerational and international equilibriums. The three properties above are very important in the understanding of the current economic volatility and they provide solutions to problems that affect economies and globalization. The findings of this study may put some light on the process of sustainable development and optimal growth and may also ensure a long run economic stability.
SOLUTION
The Model First Component Test:
Cross-country Empirical Evidence on the Equilibrium Approach to the International Free Trade and Economic Volatility
Cross-sectional variation in volatility
In this section, I test the relationship between growth and volatility. Thus, we will follow Ramey and Ramey's four steps procedure [5] : First, we study the relationship between growth and volatility through a very simple model. In the following steps, I introduce conditioning variables in order to determine the robustness of the link. Two kinds of volatility will be studied: volatility of growth and volatility of innovations to growth. I will so measure the impact of each type of volatility on average growth rate. The role of investment will be studied as well. In developing countries, international trade is supposed to be the mean growth (grgdp) key factor (75-90%) so that in my tests on developing countries, movements in (grgdp) are proxies to international trade movements. In these circumstances, Levine renelt control variables 1) the average investment fraction of GDP ; 2) the log of the initial GDP per capita ; 3) initial human capita ; and 4) the average growth of the population which define (PPF) enable to calculate international trade elasticity (e i -1). In addition, in other regressions, my dummy variables are defined as shocks effects on production frontiers and subsequently are proxies to effects on international trade. But, it is important to prevent that at this level of the exercise, the relationship between growth and volatility is the first component of the whole relationship because international trade interferes with intergenerational trade in the context of a multidimensional trade.
The test: first step
We choose to study these relationships on two samples of countries: The first sample is composed of 25 OECD countries observed from 1980 to 2010. We study the same relationship in the second sample including 108 developing countries for the same period . All the regressions in this paper refer to the period (1980-2010). The reason for this choice is that each group of countries is assumed to have similar production technologies. All the data are from the World Development Indicators.
Testing the relationship between mean and volatility of growth
At this first step, it is important to examine the basic nature of the cross-country relationship between growth and volatility. At this end, I calculate the mean and the standard deviation of per capita annual growth rates for each country. The result of regression of mean growth (grgdp) on the standard deviation of growth (vol) for 108-country sample from 1980 to 2010 is in the Tables 1a, 1b and 1c.
In the first 108-country sample, the relationship is positive and statistically significant but, in the second 25 OECD-country sample, I find a negative relationship. In Ramey and Ramey's study [5] the coefficients were negative for the first sample and positive for the second sample. In my case, I deduce that countries with higher year-volatility in growth rates tend to have a higher growth rate in developing countries and lower growth rates in OECD countries. These results are not surprising when we consider the great stagnation and instability which has characterised the second sample during the period 1980-2010. But, in the case of the first sample, the nature of technologies indicates that growth sources are different. Thus, it becomes useful to introduce other important characteristics of these economies in order to see the evolution of the relationship shown by the regressions previously.
The models to be studied are:
ε it N(0, σ² i ) (1b) i = 1, ...,I t= 1, ..., T grgdp i : the growth rate of output per capita for country i in year t (the log difference) σ i : the standard deviation of the residuals, εit ; εit is the deviation of growth from the value predicted based on X it variables, which are different across countries but not across time X it : the vector of control variables Θ : the vector of coefficients, common across countries denotes the link between growth and volatility and is the most important parameter to be examined.
The vector of control variables, X proposed by Levine and Renelt [45] is a set of the most important variables for cross-country growth analysis. They are a large set of commonly employed variables. These variables play the most important role in (PPF)' movements. They are defined as 1) the average investment fraction of GDP; 2) the log of the initial GDP per capita ; 3) initial human capita ; and 4) the average growth of the population. In the 108-country sample, the human capital is taken as the average years of schooling for individuals in the total population over 25 years of age and the percentage of the relevant population in secondary schools for the 25 OECD-country sample. Thus, for this model, I will use a Maximum likelihood procedure on panel data strongly balanced. The number of observations for the 108-country sample is 3240 and 630 for the other sample which becomes a 21-country in this specification. Tables  2a and 2b .
The regression's results are presented in
In this specification, the coefficients of the regressions of mean growth on volatility in the two samples have the same negative signs which are respectively (-0.618) and (-0.295) for the first and the second samples and are statistically significant at more than 1% significance level.. The introduction of control variables has improved the significance of the relationship between mean growth and volatility which appear now with the same negative sign. These variables have strengthened the negative relationship that link mean growth to volatility in the OECD sample and reversed the sign for 108-country sample relative to the first basic specification. The relation examined becomes economically significant and expresses the commonly accepted theory that countries with higher year-volatility in growth rates tend to have lower growth rates in each country.
In this model we can see that international trade elasticity after a production possibilities frontier movement (e i ) determines the negative sign of the relationship between growth and volatility ( e i -1 < 0). See Table 2a (bis) and Table 2b (bis). Grgdp or international trade elasticity (e i ) is negatively correlated to the movements' trend of national PPF defined by (gdppccp, inv, h_c, aapgr).
Even though the key control variable is initial GDP per capita, I observe that average investment share of GDP appears in this model with a negative coefficient in both samples, but the relationship becomes normal when I regress mean growth on the control variables without growth variance (vol). We should conclude that, contrary to Ramey and Ramey's study, the volatility produce an adverse effect on the relationship between growth and investment. Thus, other studies show that the negative relationship between mean growth and volatility exists despite average investment fraction of GDP is omitted so that there seems to be no systematic effect of controlling for investment.
If the United States is chosen as comparison country the statistics estimated indicate that there is substantial variation in the volatility across the country and the relation studied is formally negative.
Testing the relationship between innovation variance and growth
In order to examine the uncertainty in the relationship between growth and volatility, we consider the above model and change the content of control variables. These variables are of two kinds: the measures of variables at the beginning of the sample and the forecasting variables measured at the beginning of the sample: 1) Inv :The investment fraction of GDP in the initial year of the sample ;
2) aapgr : the growth rate of the population in the first two years of the sample -Forecasting variables : 1) Two lags of log level of GDP per capita 2) A time trend 3) A time trend squared 4) Four seasonal dummy variables (Q1 t , Q2 t , Q3 and DO tt ) whose role is to capture specific effects. When a country choice is suboptimal, its production possibilities frontier is in movement. Under these conditions, the seasonal dummy variables which are defined below and Arch/Garch method permit to link the movements of (PPF) and their interactions with international trade, growth rate and volatility.
Following Hendry's method (1974), we use the combination of trend and seasonal dummy variables to model specific effects. In order to model these trend, seasonal and special effects, define new variables as follows: The variables Q1 t , Q2 t and Q3 t are seasonal dummy variables. As the estimated model will include an intercept term and the joint presence of all four dummy variables and an intercept term would make the estimation procedure break down. The variable T is a time trend. The variables DT1 t , DT2 t , DT3 t allow for multiplicative seasonality where the absolute value of the seasonal effect changes over time depending on our estimations of PPF movements and their interactions with international trade. Thus international trade elasticity after a production possibilities frontier movement (e i ) should determine the sign of the relationship between growth and volatility. If e i -1 < 0, the sign should be negative and positive if e i -1 > 0. The results of this regression are given in tables 3a and 3b.
In this new framework, it is clear that the relationship between the mean growth and innovation volatility is also negative, indicating that countries with higher innovation volatility will have lower mean growth rates. Our results confirm the studies of Ramey and Ramey. Using two samples 24-OECD and 92-country sample from 1950 to 1988 and 1960 to 1985 respectively Ramey and Ramey growth rates on a group of explanatory variables in which we find the standard deviation of output growth. They find that the standard deviation of output growth has a significant negative effect on mean growth.
In this model we can see that international trade elasticity after a production possibilities frontier movement (e i ) determines the negative sign of the relationship between growth and volatility ( e i -1 < 0). See table 2a (bis), table 3a(bis), table 3b(bis). Grgdp or international trade elasticity (e i ) is negatively correlated to the movements' trend of national PPF defined by (gdppccp, inv, h_c, aapgr).
But, two problems remain pendant. The initial investment share of GDP and human capital, defined as the level of employment for 21 OECDcountry samples and as the average years of schooling for individuals in the total population over age 25 for the first sample, are negatively correlated to the mean growth. When I regress the same equation without volatility, the signs of these variables become positive and significant as we can see.
grgdp it = 0 .0034053inv + 0.0034703 aapgr+0 .9999967hc -0.0021678 gdppccp+….
I conclude that high volatility is negatively associated with investment and human capital (unemployment increases) in 21-OECD sample and school dropouts in the first sample.
Testing the robustness of country-specific control for growth volatility The question here is: does the inclusion of different country-specific control variables affect the nature of the relationships tested above? In order to investigate that, we are going to extract all the control variables which were statistically significant in volatility regression through time and countries (countries) and see the impact of these variables in new time and country-fixed effects models. This is done by the introduction of dummy variables for each country. At this end, we estimate the country-specific forecasting equations for government-spending growth as follows: Govexp = f(two lags of the log level of GDP per capita, two lags of the log level of government spending per capita, a quadratic time trend, four dummy variables and a constant term).
Then by testing the relationship between the variances of the innovations in the growth equations and the squared forecast residuals of the government spending equation, we will obtain the measure of volatility which depends on time and countries. It is therefore easy to be definitely fixed on the sign of the relation that links volatility to growth.
The equations estimated are:
ε it῀ N(0, σ² it ) vol² it = a 0 + a 1 û² it (1b) grgdp it : the growth rate of output, vol it : the standard deviation of residuals, X; the vector of control variables and û² it : the square of estimated residual for country i in period t from the government -spending forecasting equations.
The regression results are presented in Tables  4a-4h . σi: is the standard deviation of the residues, εit; εit is the standard deviation of growth obtained from predicted values based on Xit variables. Xit variables differ from one country to another From one year to another. Xit: is the vector of the control variables Θ: is the vector of the coefficients common to the countries of the sample; λ denotes the relationship between growth and volatility and is the most important parameter in this specification. The vector of control variables, X proposed by R. Levine and R. Renelt [45] are the most important variables for the analysis of the growth of the countries. These variables are defined as follows: 1) "inv" Share of average investment in GDP; 2) (gdppccp): the logarithmof the GNP / initial head (at the beginning of the period); 3) hc or hcresidue when hc is purged of the difference between observed and predicted values obtained using a partial regression of hc on other control variables; aapgr: average growth rate of the population. In the sample of 108 countries, human capital is the average number of years of schooling of individuals in the population aged 25 and over. But in OECD countries, human capital is the secondary enrollment rate as a percentage of the relevant age group. For regressions, we will use the maximum likelihood method on panel data. The number of observations for the sample at 108 countries is 3240 and 630 for the sample of 25 developed countries.
Step 3: Test of the relationship between innovation variance and growth In order to examine the stochastic part of the relationship between growth and investment, we take the above model while changing the content of the control variables. Thus, we have two types of variables: the measure of variables at the beginning of the period and the predictors X. The variables to be taken into account in this new specification are: -Variables measured at the beginning of the period 1) Inv: the average share of investment in GDP at the beginning of the period; -aapgr: the average annual growth rate of the population at the beginning of the period.
-Predicted variables: 1) GDP per capita delayed by two periods 2) The trend of time 3) The trend of time squared 4) Four dummy seasonal variables (Q1t, Q2t, Q3t and DOt) whose role is to capture the specific effects. These variables are defined below. Step 4: Test the robustness of country-specific control of growth volatility
The question here is: Does the introduction of different countries with specific effects affect the nature of the relationship tested here? In order to make this investigation, we will extract all the control variables that are statistically significant in the regression of volatility in terms of time and country and observe the impact of these variables on the new fixed-effects models in the time and space (country). This is done by introducing dummy variables for each country.
To this end, we estimate country-specific equations for growth in government expenditures as follows: Govexp = f (Log of GDP / head lagged by 2 periods, government expenditure log per capita
Delayed by 2 periods, a quadratic time trend, 4 dummy variables and a constant term)
The equations to be estimated have the following form:
grgdp it = λvol it + θX it +ε it (1a) εit῀N(0, σ This regression gives us the forecast residuals of government spending. Then by regressing the variances of the innovations in growth on the squared forecast residuals of the governmentspending (i.e vol² it = a 0 + a 1 û² it ), we will obtain the measure of volatility as a function of both time and countries if the relationship estimated is statistically significant. The next and final step is to test if we have a positive or negative relationship between growth and volatility by introducing in other regressions time and countries fixed effects.
The estimation of the following equation vol² it = a 0 + a 1 û² it gives in Table 4b .
We see that the relationship is negative but the coefficient is not strictly different from zero. If we consider that this relationship exists, we have the measure of volatility that depends on time and countries. Then our final regressions should show the panel variation in volatility. Tables 4c and 4d show that volatility is negatively linked to output growth and variances of the growth innovations are related to the squared innovations in government spending. But the relationship between government expenditures and the government volatility of output is positive.
These regressions in
These regressions confirm the previous negative relationship between growth and volatility with variables statistically significant. Thus, the presence of country or time fixed effects does not change the nature and the robustness of the relationship between the two key variables in this study (growth and volatility).
In this case, we can see that international trade elasticity after a production possibilities frontier movement (e i ) determines the positive sign of the relationship between growth and government expenditure volatility (e i -1 < 0). See Table 4a (bis). d2_gdppccp or international trade elasticity (e i ) is positively correlated to the movements' trend of national PPF defined by ( inv, h_c, aapgr innovar). 
Second
RESULTS AND DISCUSSION
On the components matrix and on coefficients of components matrix. Axis 1 represents the unnatural resources supply whereas Axis 2 is the supplied measure of natural resources. This exchange in order to correspond to an optimal growth should be a dual program cost minimization under production constraints (see relation 12) or a primal program utility maximization under cost constraint relatively to (10) and (11) .
According to (14) (15) (16) .one should choose a point on the isoquant associated with the lowest possible iso-cost curb. That is the tangency condition. This point of tangency determines intergenerational equilibrium prices. To calculate these prices one can write: (44) This relation expresses the fact that on a factorial component any factor of production negative variation must be integrally compensated by a positive variation on the other factorial component in order to maintain the same level of production like a variation of (∆K. ∆R).In (45) replacing the marginal productivity by factors prices it comes: w∆K + r∆R = 0 From what we extract: (45) The technical substitution rate is determined by the exportation/importation ratio (the ratio of factors price).
According to what precedes Switzerland 1880 has exported towards Switzerland 1990 and imported natural resources from Switzerland 1990 . The ratio of export and import determines the intergenerational technical rate of substitution between the two factors and the equilibrium prices. On the factorial axis we have:
And as for which the absolute value represents the intergenerational unnatural resources price in terms of natural factors.
The intergenerational unnatural resources price in terms of natural resources should rule both in Switzerland 1880 and Switzerland 1990 in order to enable inter-intergenerational optimal growth. This is intergenerational factors and goods prices levelling out.
The autarky prices of the generations are calculated as follows:
gives the autarky price of Switzerland 1880 whereas determines Switzerland 1990 autarky prices. Their values are respectively 3.82653531 and 0.00101303.
As intergenerational trade equilibrium price is within autarky interval of prices we deduce on the one hand that this kind of exchange is profitable to the generations and. on the other hand that the intergenerational prices levelling out is possible and should cause optimal growth through all the generations. This conclusion should hold only if each generation is realizing its international maximization of the utility which depends on international free trade. We have the following factors of production and exchange description:
The
Suppose that the current factors of production are exchanged against \future factors of production between the generations. France's intergenerational tradable resources could be determined as follows: G 2 produces 60 000 billion Euros of GNP value in France in 2015. This GNP is divided into 40 000 billions Euros of natural resources and 20 000 billions Euros of unnatural resources Exchange description:
Between G 2 and G 3 : G 2 supplies €60 000 billions of unnatural resources to G 3 and receive €40 000 billions of natural resources Between G 1 and G 2 : G 1 supplies €20 000 billions of unnatural resources to G 2 and receives €20 000 billions of natural resources.
France intergenerational factors of production trade equilibrium should be determined as follows : Generation G 1 .with its 54 million of inhabitants has a comparative advantage in the production of maize because of the abundance of natural resources; In trading unnatural resources for current natural resources in return we indirectly exchange wheat for DVD more easy to produce with G 2 generation because of the As France's stationary population should be 61 million in 2000. the stationary generation with a high density of population will have less natural resources but more unnatural resources to produce complex goods which are difficult to produce now.
This optimal management of natural and unnatural resources should induce efficiency in the management of consumable goods (actual and future) and should assure the intergenerational universe sustainability.
Cross-Generation Volatility Evidence
For the second component (how changes in production factors supply affect intergenerational trade), I will first consider France through five generations of 50 years with 10 witness generations. In the second case, I mix France five generations with the remaining of 124 countries considered as current generations. For the results, see Table 5a and Table 5b . The relationship between growth and volatility, under overlapping generations hypothesis, is positive, confirming Mirman conclusion "if there is a precautionary motive for saving, then higher volatility should lead to a higher saving rate, and hence a higher investment rate which is positively linked to growth". But, in this case, generation PPF movements' trend is indeterminate, because two control variables are positively linked to growth rate and two other control variables are negatively linked to the growth rate (Table 5a bis). It is possible that the relationship between growth and crossgeneration volatility would be positive if I consider control variables with their weight (tstat). In that case, we should expect to meet very often over-optimal growth than suboptimal growth because the first generations tend to mortgage the capacities of future generations (absence of intergenerational levelling out of prices of goods and factors).
The model: Evidence on Multidimensional Suboptimal Trade and the Sign of the Link between Growth and Volatility
In order to study the relationship between growth and volatility in the context of multidimensional trade, I will follow three steps: 1) In the first case, I consider France through five generations of 50 years with 10 witness generations; 2) In the second case I mix France five generations with the remaining of 124 countries; 3) I will mix France five generations with the remaining of 124 countries and observe the sign of the relationship between growth rate and growth volatility and with control variables. This first step shows that the intergenerational relationship between mean growth and volatility is positive but not statistically significant.
1. The second step: mixing France five generations with current countries corresponds to the reality of macrodynamic trade.
Each country is currently trading both intergenerationally and internationally (Fig 1) . The results of that regression are presented in the following Table. In that case, the relation is negative but not statistically significant.
The third step: We mix five generations in
France with the remaining of 124 countries and observe the relationship between growth rate and growth volatility with the control variables. The regression results are in Tables 5a-5c .
In this case, the relationship is negative and statistically significant and closely linked to the neoclassical theory. In this model we can see that multidimensional trade elasticity after a production possibilities frontier movement (e i ) determines the negative sign of the relationship between growth and volatility ( e i -1 < 0). See Table 5a (bis). Grgdp or multidimensional trade elasticity (e i ) is negatively correlated to the movements' trend of nation and generation PPF defined by (gdppccp, inv, h_c, aapgr). 
CONCLUSIONS
This paper has reported on a larger scale econometric study of the sign of the relationship between average growth and growth volatility of GDP per capita as the results of the disturbance to production possibilities' interactions with intergenerational free trade, international free, trade and the multidimensional trade. In the equilibrium, the sign of the relation between endogenous growth and business cycles volatility is linked to the movements (left or right side) of production possibilities; some countries are under the optimal choice side and others are above this critical point of natural and unnatural resources optimal management. Tests have focused on cross-generation and cross-country evidence on the link between growth and volatility. If production possibilities frontier movements' trend is in the left side (lower values of Levine and Renelt control variables) countries with a higher standard deviation of growth shall have their growth adversely affected if at the same time they loose their comparative advantages. The sign is positive in other cases. Thus international trade elasticity after a production possibilities frontier movement (e i ) determines the sign of the relationship between growth and volatility. If e i -1 < 0, the sign is negative and positive if e i -1 > 0
With regards to theory, a new optimal growth mechanism (based on multidimensional trade) has been presented. The stability (volatility) is the consequence of intergenerational and international interdependencies' optimality (inefficiency). Disturbance to sustainable growth mechanism is the main factor of economic volatility. The study concludes that the sustainable growth generated through the optimal growth is a general dynamic Walrasian equilibrium or the Paretian optimum. Thus, the volatility is the consequence of the disturbance to production possibilities or the disturbance to the sustainable development process.
In equilibrium, the negativity or the positivity of the relationship between endogenous growth and business cycles volatility is linked to the relation in instability function on the Edgeworth box. Some countries may be under the optimal choice side and others on above this critical point of natural and unnatural resources optimal management.
Another limitation of endogenous growth literature is that it neglects the implications of the interactions of the main economic process described in the multidimensional trade for economic stability. The rhythm of growth processes developed in these models can be very different from one period to another and the orthogonally of these processes can lead to explosive states in terms of economic volatility.
In this sense, our models, on the one hand, help to understand the negativity or the positivity of the relationship between growth and volatility and on the other hand, our fourth model appears as an explanation of the current economic volatility helps to prevent the great disturbances in economic potential stability and growth.
According to the neoclassical model, economic stability is closely linked to optimal growth. In a world characterized by strong and sensitive economic interdependencies, instability becomes permanent if each disequilibrium in a country or in a generation is easily transmitted to other economies or generations. By the same way, the general equilibrium determined by the interdependencies optimality (resources optimal allocation through generations and nations) is the main factor of the stability. It becomes now more and more clear that all the choices in the world are intergenerationally and internationally interdependent and their impact on economic volatility is evident. The decisions in a given country/generation affect the stability of other countries/generations.
Hence the optimal growth and the stability occur only when the economy is on its frontier of the production possibilities or is in general equilibrium. The general equilibrium is the expression of the intergenerational and international interdependencies optimality. This situation which is the natural characteristic of the economy means that all the advantageous exchanges have been done and all the economic agents are completely satisfied (Paretian equilibrium criterion).
It comes that the international equilibrium even though cannot be solely obtained (without intergenerational condition) because of the interferences are the result of the global optimal resources allocation. But it is important to say that this condition cannot be realized in a limited country because each resource's productivity increases with its free circulation in the whole world. Similarly, the macro dynamic equilibrium depends on both intergenerational and international resources optimal allocation.
According to these conditions, an economy could not reach optimal growth and the stability without taking into account the past, current and future generations' interests. This analysis shows two key elements of sustainability: the international and intergenerational equilibrium. The two elements lead to sustainable development or general equilibrium.
